A multi-degree of freedom control approach, which is largely inspired by biological systems, is presented. Control inputs to a structure are achieved by multiple piezoelectric actuators. One actuator chosen as the "master" actuator is under the direction of the central, sophisticated controller. The other "slave" actuators derive their control inputs by localized, simple learning rules related to the behavior of their neighbor actuators including the "master." Simulations on the control of the vibrational energy density of a harmonically excited simply supported beam demonstrate a significant improvement in control performance over a single actuator case, particularly for off-resonance frequencies. Thus high attenuations are achieved with a multiple degree of freedom actuator with a single main channel of control.
INTRODUCTION
Recent work has demonstrated the potential of active control of distributed elastic systems using multiple, independent actuators and sensors. In work concerned with the control of sound radiation from vibrating panels, the importance of number of channels of control and optimization of the transducer position and shape has been demonstrated. 1 However these works were carried out for a fixed frequency and it is apparent that for good control over a bandwidth of frequencies, the control actuators and sensors need to be adaptive in shape. At first sight this problem could be solved using an overall transducer broken up into many individual small elements each connected by an individual control channel. In this situation the control transducer will effectively re-optimize its configuration for different conditions by adaptively weighting each transducer segment. Meirovitch and Norris 2 have demonstrated the advantage of such an approach by considering fully distributed control in reducing control spillover. The disadvantage of this approach is that, for systems with a high modal density, the number of actuators and sensors required becomes extremely large. This high number of control channels has a number of problems mainly associated with memory requirements and computational time in the hardware systems used to implement the control.
In this Letter we discuss a new approach to the control of the vibrational response of distributed elastic systems using a high number of channels of control. 
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where J is the total number of piezoelectric actuators employed. We define a control cost function as the out-of-plane vibrational energy density function,
The objective is to implement a multi-channel control approach to minimize A. This is accomplished by splitting the control implementation into two steps, as shown in Fig.  2 . First, we optimize with the main controller and then local learning rules are used.
A. Main controller
Initially the main controller minimizes the vibrational energy density by using linear quadratic optimal control theory to derive the optimal voltage input to the "master" actuator. In practice, this would be achieved with an adaptive LMS control approach. The optimal voltage is given, for a SISO system, 1 by Once we have found the optimal voltage to the "master" actuator, the control voltages to the "slave" actuators are derived using local learning rules. The following example approach for a local learning rule is based on the observation that, for a distributed elastic system with little damping, regions are close to either in or out-of-phase with a fixed point. Thus the local learning approach is to take the "master" control voltage and apply it to the neighbor slave actuator (i.e., actuator immediately alongside). The control voltage is tried in-phase ( + 1 ), out-of-phase (-1 ), or turned off (0) while the cost function A is observed for each change. The condition that causes the cost function to be reduced the most is kept and the process is then applied to the next neighbor "slave" actuator until all elements are progressively tested. By this method, a distributed actuator with a generalized function that drives a response similar to the uncontrolled vibration distribution with low control spillover is constructed. Note that the previous process is sub-optimal and alternative local learning strategies could be developed.
II. EXAMPLE RESULTS
For an illustrative example, we consider a steel beam of length L--0.5 m, thickness t--5 mm driven by an input point force disturbance Fa of unity magnitude (N) at position xa=0.200 m. Natural frequencies of the beam are given in Table I . Ten piezoelectric actuators are used with element lengths of 49.1 mm and spacing gaps of 1 mm. The seventh actuator from the left is chosen as the single "master" actuator. For the first case the input frequency is 552 Hz, which is off resonance between the third and fourth mode resonance points of the beam. Figure 3 shows the beam rms, response for no control, the "master" actuator alone and control using the "master" actuator and localized learning rules to derive "slave" actuator control voltages. Table II also presents the corresponding attenuation of the cost function for both cases as well as the string of control inputs to the slave actuators derived by the localized rules.
As can be seen, the single "master" actuator provides only 1.0 dB of attenuation and leads to significant spillover The input frequency was now lowered to 80 Hz, which is off resonance between the first and second mode resonance points. Figure 4 shows the beam displacement with and without control and again improved performance is demonstrated using the multiple piezoelectric actuators optimized using local learning rules. Table II also For the last case considered the frequency was set to 183 Hz, which is close to the second mode resonance point.
The displacement results demonstrate high control of the beam response with little difference between using the single "master" actuator and all the actuators together. Table   TABLE II 
